Sequence specific molecular recognition and binding of a monocationic bis-imidazole lexitropsin to the decadeoxyribonucleotide d-[(GATCCGTATG).(CATACGGATC)]: structural and dynamic aspects of intermolecular exchange studied by 1H-NMR.
The non-exchangeable and imino proton NMR resonances of the non self-complementary decadeoxyribonucleotide d-[(GATCCGTATG).(GATACGGATC)] as well as those of the 1:1 complex of the monocatonic bis-imidazole lexitropsin 1 to this sequence have been assigned by using a combination of NOE difference, COSY and NOESY techniques. Confirmation of complete annealing of the two non self-complementary decamer strands to give the duplex decadeoxyribonucleotide is obtained by the detection of ten imino protons. It is established that the sugar-base orientations of all the bases in the duplex decamer are anti. From NOE studies, it is concluded that the duplex oligomer is right-handed and adopts a conformation in solution that belongs to the B family. A population analysis reveals that the sugar moieties exist predominantly in the S-form (2'-endo-3'-exo). Addition of 1 to the DNA solution leads to doubling of the resonances for CH6(4,5), GH8(6), TH6(7) and T-CH3(7). The base, anomeric H1' and imino proton signals for the base sequence 5'-CCGT undergo the most marked drug-induced chemical shift changes. These results provide evidence that the lexitropsin is bound to the sequence 5'-CCGT in the minor groove of the DNA. NOE measurements between the amide protons (NH1 and NH4) and the imino proton (IV and V) signals confirmed the location and orientation of 1 in the 1:1 complex, with the imino terminus oriented to C(4). The specific binding of 1 to the sequence 5'-CCGT-3' deduced in this study is in agreement with the footprinting data obtained using the Hind III/Nci fragment from pBR322 DNA [Kissinger et al. 1987 (13)]. Intramolecular NOEs observed between H4 and H9 of the lexitropsin suggest that the molecule is not planar, but subjected to propeller twisting, in both the free and bound forms. Furthermore, NOE measurements permit assignment of the DNA duplex in the 1:1 complex to the B-form, which is similar to that of the free DNA. The [(T7A8T9).(A12T13A14)] segment of the DNA shows better stacking, by propeller twisting, compared to the rest of the molecule in the free as well as the complex forms. The intermolecular rate of exchange of 1 between the equivalent 5'-CCGT sites, at a concentration of 12 mM, is estimated to be approximately 88s-1 at 308 degrees K with delta G not equal to of 63 +/- 5 KJ mol-1.